Background-The prospective, randomized study comparing 4-with 8-mm tip electrodes for radiofrequency linear ablation of typical atrial flutter is not available. Methods and Results-A total of 104 consecutive patients with typical atrial flutter were randomly assigned to undergo radiofrequency linear ablation using a 4-(Group I, nϭ54) or 8-mm tip electrode (Group II, nϭ50) catheter (temperature-control model, preset 70°C). If complete bidirectional isthmus block could not be achieved after 5 pulses, the ablation catheter was changed to the other type; the maximal radiofrequency pulse number was limited to Ͻ10 pulses. Complete or incomplete isthmus conduction block was assessed by activation sequence in a multielectrode Halo catheter during low lateral right atrial and proximal coronary sinus pacing. Before shifting to the other catheter type, the 8-mm electrode catheter achieved higher complete isthmus block rate (92% versus 67%, PϽ0.05) with fewer pulses (2Ϯ1 versus 3Ϯ1, PϽ0.05), shorter procedure time (24Ϯ15 versus 31Ϯ12 minutes, PϽ0.05), and shorter fluoroscopic time (14Ϯ10 versus 23Ϯ15 minutes, PϽ0.05). After 5 failed ablation pulses, 12 (67%) of 18 patients in group I attained complete isthmus block by using an 8-mm tip catheter, but none of 4 patients in group II achieved complete block by changing to a 4-mm tip catheter. Conclusions-The 8-mm tip electrodes are more effective than the standard 4-mm length electrodes in linear ablation for typical atrial flutter. This clinical benefit may be of particular value for some patients with broad and/or thick isthmus. (Circulation. 1999;100:768-771.)
T ypical atrial flutter (AF) has been proved to be a macroreentrant circuit in the right atrium. [1] [2] Radiofrequency (RF) linear ablation targeting the cavotricuspid isthmus can achieve a high success rate. [3] [4] [5] [6] Bidirectional isthmus conduction block appears to be a better ablation end point, as opposed to interruption and noninducibility of AF. [7] [8] [9] Previous experimental studies have shown that an 8-to 10-mm tip electrode is superior to the standard 4-mm tip electrode in ablation effects on ventricular tissues, applying higher RF power and causing a further increase in lesion size and depth. 10 -12 However, a randomized study comparing 4-with 8-mm tip electrodes for linear ablation of AF was not available. Thus, this study compared the effects of ablation on typical AF using a large tip catheter (7F, 8 mm) with those of a conventional ablation catheter (7F, 4 mm) in a prospective randomized fashion among a large patient group.
Methods

Study Patients
The study included 104 consecutive patients (76 males, 28 females; mean age 63Ϯ10 years) referred to this institution for ablation of typical AF. All patients were intolerant or had recurrent AF despite a mean of 3Ϯ1 antiarrhythmic drugs before referral. Sixty-two patients had associated cardiopulmonary diseases, including hypertensive heart diseases (nϭ30), coronary artery disease (nϭ9), valvular heart disease (nϭ8), and chronic lung disease (nϭ15). Left or right atrial enlargement was considered to be present if the end-systolic midcavity mediolateral dimension exceeded 4.5 cm on 2-D and M-mode echocardiography. 9 
Radiofrequency Ablation
The methods of electrophysiological studies and ablation of AF in this laboratory have been described previously. 6, 9 All clinically documented AF was induced by programmed stimulation protocols established in most laboratories. [3] [4] [5] [6] [7] [8] In all patients, a deflectable duodecapolar Halo catheter (CordisWebster, Inc) was used to demonstrate an AF exhibiting either a counterclockwise or a clockwise activation around the tricuspid annulus and through the low right atrium isthmus. All electrograms, filtered between 30 and 500 Hz, were recorded with a commercial digital acquisition system (Prucka Engineering, Inc). All patients were randomly assigned to undergo transisthmus linear ablation using a 4-(Group I, nϭ54) or an 8-mm tip electrode (Group II, nϭ50) catheter initially. The clinical characteristics were similar between both groups (Table 1 ). RF energy was delivered by a generator (EPT-1000, EP Technologies, Inc), using a thermistor ablation catheter with a 4-or 8-mm tip electrode (7F, EP Technologies, Inc), to achieve a tip-tissue interface temperature of 70°C and an output of up to 100 W during AF or sinus rhythm (with pacing from the proximal coronary sinus if AF was not induced). The preset duration of each RF pulse was 120 seconds. By utilizing a special long venous sheath (SR0 curve, Daig) to increase stability, continuous application of RF energy during pull-back of the ablation catheter from the right ventricle toward the inferior vena cava was used to create linear lesions in the cavotricuspid isthmus. The 8-mm tip electrode catheter was not used for linear ablation of medial (septal) isthmus in close proximity to right posteroseptal area to avoid the potential risk of atrioventricular block. If complete isthmus conduction block could not be achieved after 5 pulses, the ablation catheter was replaced with the other type (Group IA: 4-mm tip electrode with successful ablation within 5 RF pulses; Group IB: 4-mm38-mm tip electrode; Group IIA: 8-mm tip electrode with successful ablation within 5 RF pulses; Group IIB: 8-mm34-mm tip electrodes). For comparison of group I and group II, a maximal RF pulse number was limited to 10 pulses. Successful ablation was defined as achievement of bidirectional isthmus conduction block and inability to reinduce typical AF. Complete isthmus conduction block was defined as low lateral right atrium pacing demonstrating counterclockwise conduction to the point of block followed by the delayed arrival of septal activation up to the line of block from the opposite direction; the similar activation pattern in opposite direction was demonstrated with proximal coronary sinus pacing. 7, 9 Incomplete isthmus conduction block was defined as existence of any residual isthmus conduction when pacing from either side of the line of block in the cavotricuspid isthmus, irrespective of reinducibility of AF.
Post-Ablation Follow-Up
All patients received 24-hour Holter monitoring 1 day before hospital discharge. Follow-up examination was performed at 2 weeks, 1 month, and 3 months after ablation with complete history taken, physical examination, and a 12-lead ECG. When patients experienced symptoms suggestive of tachycardia, 24-hour Holter monitoring, cardiac events recording, or a follow-up electrophysiological study was performed to define the cause of tachycardia. RF ablation was repeated if recurrent typical AF was documented. Long-term follow-up information was also obtained from the referring physicians and through telephone interviews with the patients.
Statistical Analysis
Quantitative data were expressed as meanϮSD and compared by Student's t test. Categorical data were analyzed by the 2 test with Yates' correction or Fisher's exact test. PϽ0.05 was considered statistically significant.
Results
Comparison of Effects of Radiofrequency Ablation
Within the first 5 ablation attempts, complete isthmus conduction block was demonstrated in 36 of 54 (67%) Group I patients and 46 of 50 (92%) Group II patients (Table 2) . Among the 18 patients in Group IB, complete isthmus block was achieved in 12 (67%) patients after changing to an 8-mm tip electrode catheter. In none of Group IIB patients could complete isthmus conduction block be attained, yet in all these incomplete isthmus block cases, sustained AF was no longer induced after ablation. In a comparison of ablation results between Group I and Group II, 8-mm tip electrode 
Follow-Up
During a mean follow-up of 10Ϯ5 months (range, 6 to 15 months), patients with incomplete isthmus block had a significantly higher incidence of recurrent AF than those with complete isthmus block (5 of 10 versus 0 of 94, PϽ0.0001).
In all 5 patients with recurrent AF, repeated electrophysiological study revealed recovery of intact isthmus conduction: 1 received amiodarone therapy and the other 4 underwent a second successful ablation session. The incidence of clinically documented atrial fibrillation at follow-up periods was 22% (23 of 104) and was not significantly different in both groups. This finding suggested that the occurrence of atrial fibrillation may not be related to the ablation-induced lesions.
Discussion Major Findings
To our knowledge, this is the first prospective randomized study to compare the effects of large (8-mm) and conventional tip electrode (4-mm) catheters on ablation for typical AF. This study demonstrated that an 8-mm tip electrode catheter could facilitate RF linear ablation of typical AF by achieving a higher success rate with a lower pulse number, shorter procedure, and less radiation exposure time required for creation of complete bidirectional isthmus conduction block.
Effects of a Large Tip Electrode on Radiofrequency Lesion
Previous experimental studies have shown that increase in ablation electrode size can allow the application of higher RF power, resulting in a further increase in lesion size and depth. 10 -12 McRury et al demonstrated good correlation between electrode size and temperature with lesion size in temperature-controlled RF ablation model in canine ventricles. 12 Langberg et al also showed that the larger electrode could couple higher power and less impedance rise to achieve the preset target temperature. 11 In this study, the superiority of the 8-mm tip electrode might rely on a larger and deeper lesion created by 2 mechanisms. 13 First, a larger tip electrode with a larger electrode-blood interface area, in particular under high blood flow in the cavotricuspid isthmus area, could increase the convective cooling effect and allow higher RF power delivery to the tissues at the same electrode-tissue interface temperature with resulting greater depth of direct resistive heating. Secondly, increasing electrode-tissue interface area by orienting the electrode as parallel to the tissue as possible during the dragging ablation technique could produce greater width of direct resistive heating. Thus, both increased cooling and increased electrode-tissue interface area with a large tip electrode increase volume of direct resistive heating and create a larger and deeper lesion. Langberg et al showed that thermistor-equipped elongated ablation electrodes (8-mm) coupled to high-power outputs could reproducibly produce lesions approximately 1 cm in diameter and 11 mm in depth. 11 In this study, we used a temperature feedback power control (up to 100 W) at a target temperature of 70°C. Accordingly, the 8-mm tip electrode catheter is superior to the 4-mm tip catheter with respect to energy delivery parameters for a steady-state temperature to make a larger and deeper lesion. Some AF cases demonstrating resistance to or difficulty with RF ablation may be due to a broader or thicker than usual isthmus or to complex isthmus architecture with resulting in adaptation of catheters. Tabuchi et al studied isthmus pathology after RF ablation for the canine AF and demonstrated the requirement of transmural damage of the atrial myocardium from the endocardium to the subepicardium for successful isthmus ablation. 14 Therefore, using an 8-mm tip electrode catheter (supported by a long vascular sheath for a consistent good contact with endocardial surface and for making continuous lesions during steadily dragging catheter) might be of particular benefit in linear ablation of broad and/or thickened isthmus by producing adequate lesion size and depth to reduce the possibility of skip lesions (gaps) formation.
Comparison With Previous Studies
Feld et al used the electrophysiological approach for AF ablation and compared the efficacy between 8-and 4-mm tip catheter. They showed reductions of the mean number of energy applications (from 11 to 6 pulses) and recurrence rate (from 43% to 10%) by using 8-mm tip electrode catheters. 15 Iesaka et al used the anatomical approach for ablation of AF by using an 8-mm tip electrode and used the electrophysiological approach for ablation of AF by using a 4-mm tip electrode. They also concluded that the 8-mm tip electrode reduced the number of energy applications (from 10 to 2.3 pulses) required for successful ablation. 16 In these 2 studies, there were some confounding issues on validity of results with regard to different ablation approach methods (anatomic versus electrophysiolgical approach) and ablation end points (termination and noninducibility versus isthmus conduction block). Additionally, these studies were not randomized controlled studies. Our laboratory had reported that the anatomic approach was time-saving with respect to the procedure time and radiation exposure time compared with electrophysiologically guided focal ablation. 6 Additionally, this study used a randomized prospective method to compare the efficacy of different electrode tip sizes on ablation of AF by the anatomical approach. Thus, this study adds further insight into the superiority of 8-mm tip electrode to 4-mm tip electrode for transisthmus linear ablation of typical AF. ablation may be of particular value for some patients with broad and/or thick isthmus.
